We report plaquing tests of 124 virus strains, mostly arboviruses of 21 serological groups, in Singh's line of Aedes albopictus cells. Thirty of these plaqued; all were arboviruses of six groups and were known or presumed to be mosquito borne. Failing to plaque were 86 strains of arboviruses, mostly tick borne, two strains of insect pathogens, and six animal viruses not classified as arboviruses. Among mosquito-borne agents, plaquing ability appeared related to serological classification. California group and most A-group viruses failed to plaque, but nearly all members of B and Bunyamwera groups readily plaqued. Within serological group B, 14 of 16 mosquito-borne agents plaqued, but none of 13 tick-borne or vector-unassociated viruses did so. Some implications of these results for recognition and classification of arboviruses are discussed.
In 1969 Suitor (20) reported that Japanese B encephalitis (JBE) virus, a member of Casals' serological group B known to cause cytopathogenic effect (CPE) in Singh's line of Aedes albopictus cells, was also capable of producing plaques in monolayers of these cells. However, the broad and practical implications of this demonstration for virus-vector studies remained questionable, possibly because CPE is characteristically inapparent in virus-infected arthropod cells in culture (3) and the strain of virus Suitor used was a unique variant that grows well at the lower temperatures usually required to incubate insect cells. Later, using virus strains not adapted to grow at low temperatures, we confirmed Suitor's observation of plaque production by JBE virus in A. albopictus cells and, further, reported similar results with. five related Flaviviruses, West Nile, yellow fever, and dengue viruses 1, 2, and 4, and the unrelated rhabdovirus, Indiana vesicular stomatitis (7) . In the present study we report results of plaquing attempts with 124 viruses, mostly arthropod borne, in Singh's A. albopictus cells.
MATERIALS AND METHODS
Cell line and culture conditions. The A. albopictus cell line of Singh (15) , received by us in its 49th passage from Sonja Buckley, Yale Arbovirus Research Unit, New Haven, Conn., was used in its 87th to 135th passages. Since receipt at this laboratory, these cells have been grown as monolayers in a lactalbumin hydrolysate growth medium in Hanks basic salt solution (Grand Island Biological Co.) to which was added the following (per liter): 100 ml of fetal calf serum inactivated at 56 C for 1 h, 1 g of bovine plasma albumin (fraction V) (Armour Co.), 105 U of penicillin G (sodium salt), 100 mg of streptomycin sulfate, and 40 mg of neomycin sulfate. The pH was adjusted to 6.8 if necessary, and the medium was sterilized by pressure filtration. Stock cultures were grown as monolayers in 12 ml of medium in 250-ml plastic flasks (Falcon Plastics) in ambient air at 27 C and were subcultivated at intervals of 7 to 10 days.
Normal cell stocks were routinely monitored for the presence of adventitious or latent animal viruses, with negative results, by screening in suckling mice and Vero cell cultures. In addition, neither known virus nor virus-like particles could be detected in this particular strain of Singh's A. albopictus cells by electron microscopy thin-section technique (H. Hirumi, personal communication). Mycoplasma could not be demonstrated by testing of selected samples of cells (both plaquing virus infected and uninfected) by conventional methods and also by a commercial testing laboratory. Species identity of the A. albopictus cell line was confirmed by the Institute for Medical Research, Camden, N.J.
Preparation of monolayers for virus inoculation. Growth medium was decanted from confluent young monolayers of cells grown in four 250-ml flasks and replaced with -fresh growth medium. Cells were dissociated with the aid of a 10-ml plastic pipette by vigorously drawing and expelling medium over the monolayers. This was facilitated by using a pipette on which the tip had been bent in a flame. Cell suspensions were pooled in a 100-ml Erlenmeyer flask and stirred by a magnetic stirrer adjusted to medium-slow flasks were each seeded with 5 ml of suspension. Cultures were incubated at 27 C for 2 to 7 days.
Virus inoculation and assay. eWell-defined CPE produced by this virus.
( Table 2 ). In addition, six viruses that are not arthropod borne, as well as two insect viruses, failed to induce plaques in A. albopictus cells (Table 2) . DISCUSSION Since Suitor's original (20) demonstration of virus plaquing in insect cells, only two published reports describing use of this phenomenon have appeared (7, 10) . We believe that the rarity of these reports reflects the technical difficulties involved in preparing and maintaining satisfactory monolayers of insect cells. These cells, in comparison with many of vertebrate origin, grow more slowly and are less tolerant of manipulative and qualitative variables. Monolayers must be confluent and firmly attached to the vessels. In our experience, inadequate confluence and poor attachment of cells are most often attributable to qualitative differences among lots of fetal calf serum. Such variations can generally be overcome by prolonged heat inactivation of the serum (1 h at 56 C). In addition, at various times we have been able to ascribe plaquing difficulties to advanced age of stock or assay cultures, excessive temperatures (>42 C) of primary overlay, and toxicity of some lots of agarose. Incubation temperatures of infected cells may also affect the development of plaques with certain agents. Many arboviruses, especially those of group B, plaqued best when overlaid cultures were incubated at 37 C (in fact, this temperature was mandatory for plaquing dengue 4 taken to ensure that some cultures are exposed to dilute inocula.
Our results show that the plaquing technique in A. albopictus cells is applicable to a variety of arboviruses, nearly all of which are mosquito borne. Among these mosquito-borne agents, plaquing ability in these cells appears to be related to the serological group to which the virus belongs. California group viruses and most members of group A tested failed to plaque, but nearly all B group and Bunyamwera group viruses (the latter are related to those of the California group) readily did so. The possibility that such contrasting patterns may be used as classifying characteristics is noted.
Within serological group B the ability of a virus to plaque correlates well with its vector relationship. Except for two, all mosquito-borne or suspected mosquito-borne group B agents plaqued in the mosquito cells. The exceptions, 87 VOL. 29, 1975 on October 27, 2017 by guest http://aem.asm.org/ Downloaded from Bussuquara and Zika, did, in fact, produce a well-defined CPE in the cell monolayer after agar overlay, indicating that a plaquing potential may exist. Conversely, no tick-borne group B virus could be made to plaque despite repeated attempts. Also failing to plaque were group B viruses (Modoc and two strains of Rio Bravo) for which arthropod transmission is questioned on the basis of evidence supporting direct transmission from infected to uninfected hosts (1, 8, 11) .
These results parallel those from studies of virus growth in fluid overlay cultures of Singh's A. albopictus cell lines, wherein group B viruses would propagate in the mosquito cells only if mosquito borne (3-5, 16, 17, 21) . Obviously, plaquing ability may be used to infer vector relationships or corroborate suspected ones for group B isolates having undetermined modes of transmission. For example, Israel turkey meningoencephalitis virus, as yet unassociated with any arthropod vector and experimentally only poorly transmissible by Aedes aegypti (13) , behaves as do mosquito-borne group B viruses in A. albopictus agar overlay cultures. Similarly, the two West Nile virus strains isolated by Schmidt and Said (14) from field-collected ticks (Ar95-60 and ArlO8-60) are indistinguishable in this plaquing system from a strain isolated from the classical vector, mosquitoes (Table 1) . This tends to support an alternative hypothesis proposed by these authors that "the actual source of the virus was blood from infected birds, and not from the tissues of ticks which were maintaining the virus biologically."
Additional group B viruses whose vector associations (or lack thereof) are suggested in part by results of this study are Apoi and Negishi. The former, known only from rodents in Japan, failed to multiply in Culex tritaeniorhynchus mosquitoes that had fed on virus, and for this reason its status as an arbovirus has been questioned (19) . Negishi virus, recovered only from two persons dying of encephalitis and antigenically a member of the Russian springsummer encephalitis complex of group B arboviruses, also lacks demonstrated vector associations. Failure of these two agents to plaque in A. albopictus cells provides in vitro evidence that they are not mosquito borne.
Of 53 tick-borne agents tested, only one, Tribec, caused plaques in the Aedes cells. This virus, along with Kemerovo, Lipovnik, and Colorado tick fever viruses, are placed in the "relatively solvent-resistant arbovirus" taxonomic group recently designated as Orbiviruses (2) . Unlike mosquito-borne arboviruses of groups A and B, a number of tick-borne Orbiviruses, including the above-mentioned four, are capable of in vitro growth in arthropod cells that are unrelated to natural vectors of the arboviruses (4, 5, 22) . For this reason we made repeated attempts to plaque Colorado tick fever, Kemerovo, and Lipovnik viruses, as well as certain well-known arboviruses (Semliki Forest, Sindbis, and California encephalitis) found to multiply in the A. albopictus cell line (3, 12, 16) . Uniformly negative results may indicate that virus replication, in these instances, is limited to a small proportion of the mosquito cells.
A potential application of the A. albopictus plaquing system is suggested by these results. The sensitivity and utility of Singh's A. albopictus cells for the isolation of various dengue virus types in epidemic situations was demonstrated by Singh and Paul (18) and Chappell et al. (6) . However, identification of the isolates by plaque-reduction neutralization test requires their passage into LLC-MK2 cells (6) . We show that the four major types of dengue viruses will produce clear plaques in the mosquito cells. Thus, if wild strains of dengue viruses will plaque as readily as the strains tested here, these cells may be used as a single system for the rapid isolation and identification of these viruses in routine screening or large-scale operations.
We conclude that the plaquing technique offers a means for direct assay of growth of a number of arboviruses in mosquito cells, that it is especially applicable to the study of viruses for which CPE in these cells has not been demonstrated, and that, with regard to the well-known (lipid-solvent susceptible) arboviruses as opposed to the Orbiviruses, it provides a useful device for determination of virus-vector relationships or a potential aid to arbovirus classification.
